The demands of chemisorption and epitaxy are quite different for electronically dissimilar systems.
On the basis of thermodynamic considerations, a given heteroepitaxial system can adopt one of three growth modes: purely layer-by-layer (Frank -van der Merwe), purely islanding (Volmer-Weber), and layer-by-layer followed by islanding (Stranski-Kranstanow) . ' The choice is governed by the relative magnitudes of o. ;, the interface free energy, cr, and o. " the surface free energies of the epilayer and of the substrate, and any strain energy arising from lattice mismatch. For systems with negligible lattice mismatch, layer-by-layer growth is predicted if (o, +o;) (o, and islanded growth if (o, +o, . ) )tT,.
However, for systems with small o. ; and non-negligible lattice mismatch, initial growth is laminar, but subsequent layers may lower the total energy by forming islands, either with strain-relieving misfit dislocations beneath them, or with elastic deformation around them. ' The above scheme works quite well for electronically (111) . Under these conditions changes in image contrast are dominated by strain in the Si(220) planes. Figures 1(a) and 1(b) show homogeneous regions bordered by white lines on one side and dark on the other. We interpret the regions as strained coherent CaF2 islands. Clearly the island coverage increases from 1(a) to l(b). In Fig. 1(c Fig. 1(c Figs. 1(a) -1(c) . In Fig. 1(a) Fig. 1(a) , less than 100 s is required for the (1 X 1) RHEED pattern to evolve into a (4X1) at a desorption temperature of T=720'C. However, the amount of CaFz evaporated from a 8-TL-thick film was negligible after a 2.5-h anneal at the same temperature. In fact, the reacted Si-CaF layer can form at temperatures even higher than the Si (111) Step and terrace morphology play a pivotal role in CaFz-Si growth. Since Si atoms at step edges are highly reactive, with two rehybridized dangling bonds each, ' the local structure of the reacted Si-CaF layer can be different at steps, and may provide nucleation sites for the observed coherent islands. Moreover, the large step and kink binding energies in ionic systems' will tend to confine such islands to grow along step edges. From the TEM images in Figs. 1(a) and 1(b) , it is the island density rather than the island size that increases with coverage. This suggests that the time scale for lateral island growth is shorter than that for their nucleation. Although CaFz does not wet the 2D substrate defined by the Si-CaF composite surface, its wetting of the 1D "substrate" defined by the steps and/or island edges provides a competing process. If the kinetics favor step flow growth of the coherent islands, then the islands uniformly cover the reacted layer, allowing the system to switch to layer-bylayer CaFz homoepitaxy. If the kinetics are shifted away from growth on the Si-CaF layer, at low deposition rates or high T" then the dominant growth process will be CaFz on CaFz islands, leading to incomplete coverage and catastrophic increases in island heights. In this case, no transition to layer-by-layer CaFz homoepitaxy can occur. The role of substrate temperature and deposition rate has also been studied using photoelectron diffraction. ' It is possible to alter the CaFz-Si interface structure by chemisorbing the initial layers at T, & 550 C (Ref. 9) instead of the usual T, -700 C. The Ca 2p shift decreases from 2 8 eV at T, = 720 'C to 1 9 eV at T, =300'C [see Fig. 2(b) 
